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Abstract. We report the results provided by the XMM–Newton observation of the X-ray binary pulsar SXP59.0 during its
most recent outburst in April 2017. The source was detected at fX(0.2–12 keV) = 8×10
−11 erg cm−2 s−1, one of its highest flux
levels reported to date. The measured pulse period was Pspin = 58.949(1) s, very similar to the periods measured in most of the
previous observations. The pulsed emission was clearly detected over the whole energy range between 0.2 and 12 keV, but the
pulse profile is energy dependent and the pulsed fraction increases as the energy increases. Although the time-averaged EPIC
spectrum is dominated by a power-law component (with photon index Γ = 0.76 ± 0.01), the data show an evident soft excess,
which can be described with the sum of a black-body and a hot thermal plasma component (with temperatures kTBB = 171
+11
−14
eV and kTAPEC = 1.09
+0.16
−0.09
keV, respectively). Moreover, the EPIC and RGS spectra show narrow emission lines due to N, O,
Ne, Mg, and Fe. The phase-resolved spectral analysis of the EPIC data shows that the flux of the black-body component varies
with the pulse phase, while the plasma component is almost constant. We show that the black-body component can be attributed
to the reprocessing of the primary emission by the optically thick material at the inner edge of the accretion disc, while the hot
plasma component is due to a diffuse gas far from the accretion region and the narrow emission lines of the RGS spectrum are
most probably due to photoionized matter around the accreting source.
Key words. accretion, accretion discs - stars: neutron - X-rays: binaries - pulsars: individual: SXP59.0 - X-rays: individual (2E
0053.2–7242, XTE J0055–724, SAX J0054.9–7226, RX J0054.9–7226) - stars: individual: [MA93] 810
1. Introduction
The X-ray pulsar SXP59.0 was discoveredwith the Rossi X-ray
Timing Explorer (RXTE) in January 1998, during an observa-
tion in the direction of the Small Magellanic Cloud (SMC).
The source (designated as XTE J0055-724) was detected at
a flux level fX ≃ 6 × 10
−11 erg cm−2 s−1 in the energy range
2–10 keV, and displayed a periodic modulation with Pspin =
59.0 ± 0.2 s (Marshall et al. 1998). A follow-up observation
with BeppoSAX led to the detection of the bright source SAX
J0054.9-7226 within the 10 arcmin error circle of XTE J0055-
724, at a flux level fX ≃ 1.9 × 10
−11 erg cm−2 s−1 between
2 and 10 keV. The measurement of a strong pulsed emission
with Pspin = 58.969 ± 0.001 s confirmed the source associ-
ation with XTE J0055-724 (Santangelo et al. 1998). The un-
certainty on the position was about 40 arcsec, thus includ-
Send offprint requests to: N. La Palombara,
nicola.lapalombara@inaf.it
⋆ Based on observations obtained with XMM-Newton, an ESA sci-
ence mission with instruments and contributions directly funded by
ESA Member States and NASA
ing the ROSAT and Einstein X-ray sources RX J0054.9-7226
(also known as 1WGA J0054.9-7226) and 2E 0053.2-7242.
The latter was known to be variable on timescales frommonths
to years and was proposed as a candidate High Mass X-
ray Binary (HMXB) by Bruhweiler et al. (1987,source #9), by
Wang & Wu (1992,source #35), and by White et al. (1994).
The analysis of 13 archivalROSAT PSPC and HRI observations
revealed the former source three times between 1991 and 1996,
at a luminosity level between ≃ 8×1034 and 4×1035 erg s−1 (in
the energy range 0.1–2.4 keV). Moreover, in the 1991 observa-
tion a pulse period Pspin = 59.072± 0.003 s was measured. This
result confirmed the association of the RXTE and BeppoSAX
sources with RX J0054.9-7226 (Israel et al. 1998), which can
very likely be identified with 2E 0053.2-7242.
Between 1998 and 1999 RXTE detected four outbursts from
SXP59.0, each with a duration of ≃ 40 d. Based on the time
spacing of these outburst, Laycock et al. (2005) derived an
orbital period Porbit = 123 ± 1 d. Later on, this result was
confirmed by Galache et al. (2008), who extracted the orbit
ephemeris and derived a period Porbit = 122.10 ± 0.38 d from
five source outbursts observed with RXTE between 2002 and
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2004. During the periods of activity in 1998–1999 and in 2002–
2004 the source showed a short-term spin-up and reached a 3–
10 keV luminosity LX ≃ 2 × 10
37 erg s−1. Moreover, although
during the ∼1100 days between the two groups of outbursts
the source remained undetected, it experienced a long-term
spin-up, with P˙spin = -0.0227 ± 0.0006 s y
−1 (Coe et al. 2010).
Finally, the source was detected again by RXTE between the
end of 2008 and the beginning of 2011, although at a lower lu-
minosity level (LX = 10
36−37 erg s−1). By taking into account
all the RXTE observations of this source over a time span of
13 years, Klus et al. (2014) measured an average pulse period
and source luminosity of 58.859 ± 0.005 s and (8.4±0.2)×1036
erg s−1, respectively. Throughout this time period SXP59.0 ex-
perienced an average spin-up P˙spin = -0.0206 ± 0.0005 s y
−1.
Three candidate counterparts were found within the 10 arc-
sec radius ROSAT HRI error circle. All of them are early-
type stars, but only one shows strong Hα emission. Its ra-
dial velocity of 138 ± 27 km s−1 is consistent with a loca-
tion in the SMC. Moreover, it corresponds to object 810 of
the catalogue of Meyssonnier & Azzopardi (1993), which in-
cludes the Hα emission-line objects in the SMC. Therefore,
this object was identified as the optical counterpart of SXP59.0
(Stevens et al. 1999) and, afterwards, it was classified as a B0e
star (Antoniou et al. 2009). Moreover, it was extensively mon-
itored with the MAssive Compact Halo Objects (MACHO) and
Optical Gravitational Lensing Experiment (OGLE) projects.
Based on the long-term MACHO and OGLE-II photometric
data, Schmidtke & Cowley (2005) proposed an orbital period
Porbit = 60.2 ± 0.8 d, subsequently corrected to 62.15 ± 0.04
d with the addition of the OGLE-III data (Rajoelimanana et al.
2011). The optical period is half that of the X-ray, but no sig-
nificant X-ray flux was detected half a phase from the X-ray
maximum (Galache et al. 2008).
Since its discovery SXP59.0 has been detected sev-
eral times with the Advanced Satellite for Cosmology
and Astrophysics (ASCA) (Yokogawa et al. 2000), the X-
ray Multi-Mirror (XMM–Newton) mission (Sasaki et al. 2003;
Haberl et al. 2008; Sturm et al. 2013), and the Chandra tele-
scope (Laycock et al. 2010). In their catalogue of the HMXBs
in the SMC, Haberl & Sturm (2016) reported that the 0.2–10
keV flux of SXP59.0 has varied between fXmin = 7×10
−14
and fXmax = 6×10
−11 erg cm−2 s−1. Moreover, the catalogue
of all the SMC observations performed with RXTE, XMM–
Newton, and Chandra, compiled by Yang et al. (2017), shows
that SXP59.0 has been detected with Chandra at even lower lu-
minosity levels, down to LX ≃ 10
34 erg s−1. Themeasured pulse
periods imply a long-term spin-up of the pulsar, with P˙spin = -
0.016 ± 0.004 s y−1.
On March 30, 2017 (MJD 57842), Swift XRT detected an
outburst from SXP59.0 (Kennea et al. 2017). The measured
count rate in the Photon Counting mode exposure was 0.9 ±
0.2 c s−1. A follow-up observation, performed again with Swift
on April 7 (MJD 57850), found that this source had brightened
since the previous observation, up to an XRT count rate of 2.1
± 0.1 c s−1. The detected spectrum was well fitted with an ab-
sorbed power-law (PL) model, with a photon index Γ = 0.96
± 0.10. The measured flux value (in the energy range 0.5–10
keV) was fX = 8 × 10
−11 erg cm−2 s−1, corresponding to LX =
4 × 1037 erg s−1 for an SMC distance of 62 kpc (Graczyk et al.
2014). Therefore, we triggered our XMM–Newton Target-of-
Opportunity (ToO) programme for the observation of tran-
sient binary pulsars in the SMC. Here, we report on the re-
sults obtained with the follow-up XMM–Newton observation of
SXP59.0.
2. Observation and data reduction
On April 14, 2017 (MJD 57857), two weeks after the be-
ginning of the outburst, our target was observed with XMM–
Newton for a total exposure time of ∼ 14 ks. In Table 1
we provide the set-up of the EPIC pn (Stru¨der et al. 2001)
and MOS (Turner et al. 2001) focal-plane cameras and of
the Reflection Grating Spectrometer (RGS, den Herder et al.
2001). All the collected events were processed with version
16 of the XMM–Newton Science Analysis System1 (sas). We
verified that the whole observation was free of soft-proton con-
tamination, which could affect the data analysis. Therefore, we
considered the full EPIC and RGS datasets for both timing and
spectral analysis. The effective exposure times were ≃ 10 ks
for the pn camera and ≃ 14 ks for the MOS and the RGS
instruments; for the EPIC cameras they take into account the
dead time of 29 % and 2.5 % for pn and MOS, respectively. In
Table 1 we summarize the XMM–Newton observation.
In the case of the EPIC data, we selected mono- and bi-
pixel events (with pattern between 0 and 4) for the pn cam-
era and from 1- to 4-pixel events (with pattern between 0 and
12) for the MOS cameras. From the spatial point of view, the
events were selected from circular regions around the source
position. In all cameras the CCD edges or dark columns limited
the extraction radius, which was 35 arcsec for the pn camera,
40 arcsec for the MOS1 camera, and 50 arcsec for the MOS2
camera. Although the source count rate (CR) was rather high
(Table 1), we checked that the data of all the EPIC cameras
were not affected by photon pile-up. To this end, we followed
the same approach used by La Palombara et al. (2018): on the
one hand, spectra with different pattern selections (only mono-
or bi-pixel events), and on the other hand, spectra with or with-
out the removal of the central part of the point spread func-
tion (PSF), where the possible pile-up is higher. In all cases
the spectral analysis provided consistent results, thus showing
that the pile-up was negligible. Therefore, for each camera the
source events were selected from the whole circular region. The
corresponding background events were selected from circular
regions which were offset from the target position and free of
sources. In the pn case it was on the same CCD of the source
and, hence, it had a small radius of 35 arcsec. For the MOS
cameras it was on a peripheral CCD and its radius was 200 and
250 arcsec for the MOS1 and MOS2, respectively.
3. Timing analysis
For the timing analysis of the EPIC events, we converted the
arrival times to the solar system barycentre by using the sas
1 https://xmm-tools.cosmos.esa.int/external/xmm user support/documentation/sas usg/USG/
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Table 1. Summary of the XMM–Newton observation of SXP59.0 (ID 0740071301).
Instrument Filter Mode Time Resolution Net Exposure Time Extraction Radius Net Count Rate
(ks) (arcsec) (counts s−1)
pn Thin 1 Small Window 5.7 ms 10.0 35 9.49±0.03
MOS1 Thin 1 Small Window 0.3 s 13.8 40 2.64±0.01
MOS2 Thin 1 Small Window 0.3 s 14.0 50 3.02±0.01
RGS1 - Spectroscopy 4.8 s 14.7 - 0.274±0.003
RGS2 - Spectroscopy 9.6 s 14.6 - 0.090±0.002
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Fig. 1. Background-subtracted light curves of SXP59.0 in the
energy ranges 0.15–2, 2–12, and 0.15–12 keV, with a time bin-
ning of 100 s.
tool barycenter. We defined three energy ranges (soft = 0.15–
2 keV, hard = 2–12 keV, and total = 0.15–12 keV) and, for
each range and each of the three cameras, we accumulated a
light curve (with a time binning of 100 s). These curves were
then corrected for the background and the extraction region
by using the sas tool epiclccorr. In the total range the aver-
age CR was ≃ 11.3, 3.6, and 3.5 cts s−1, for the pn, MOS1,
and MOS2 cameras, respectively. For each of the three energy
ranges, we calculated the cumulative light curve as the sum of
the light curves of the individual cameras. We show the three
curves in Fig. 1, together with the hardness ratio of the hard
(H) to the soft (S) light curves (HR = H/S). In both the soft and
hard energy ranges the average CR was ≃ 9 cts s−1. Although
the source was variable over short timescales (with CR varia-
tions of up to ∼ 30 % between consecutive time bins), its flux
does not increase or decrease over the observation timescale.
Moreover, no correlation is found between the HR and the CR:
the HR shows some bin-to-bin variability, but without any de-
pendence on the CR or clear trend on long timescales.
We merged the event datasets of the three instruments for
the measurement of the pulse period of the source in order
to increase the count statistics. Then, by applying a standard
phase-fitting technique, we obtained a best-fitting period of P =
58.949(1) s. The three folded light curves, and the correspond-
ing HR, are shown in Fig. 2. The pulse profile is characterized
by similar properties at all energies: it shows a broad maximum
around phase Φ ≃ 0.5, a small peak at phase Φ ≃ 0.9, and a
minimum around phaseΦ ≃ 0. However, the figure shows some
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2–12, and 0.15–12 keV, folded on the period P = 58.949 s.
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analysis (section 6) are delimited by vertical lines.
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Fig. 3. Pulse profile of SXP59.0 in the energy ranges 0.15–1,
1–2, 2–4.5, and 4.5–12 keV.
energy dependence since in the hard range two distinct narrow
peaks arise above the broad maximum, at Φ ≃ 0.45 and 0.65.
The HR is rather correlated with the CR and shows two nar-
row peaks coincident with those of the hard range. The average
pulsed fraction, defined as PF = (CRmax - CRmin)/(2×CRaverage),
is high and depends on energy, since it is ≃ 42 % for the soft
range and ≃ 64 % for the hard range.
In Fig. 3 we show the folded light curve in four narrower
energy bands (normalized to the average CR in each band). It
proves that the pulse profile evolves from a single broad peak
at the low-energy end to two narrow and very distinct peaks at
the high-energy end. The flux variability increases with energy
since the CR varies by a factor ≃ 2 at E < 1 keV, but increases
by a factor ≃ 3.5 for E > 4.5 keV. The same happens for the PF,
which increases from 30 % at E < 1 keV up to above 60 % at E
> 4.5 keV.
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4. EPIC spectroscopy
Since the light curve of SXP59.0 shows that neither the flux
nor the spectral properties of the source vary on the observation
timescale, for each EPIC camera we accumulated its spectrum
over the whole exposure. Each spectrumwas extracted from the
same region used for the light curve and was rebinned with a
significance of at least 10 σ for each energy bin. Then we used
the sas tasks rmfgen and arfgen to generate the response matri-
ces and ancillary files, respectively. We performed the spectral
analysis in the energy range 0.2–12 keV, using version 12.9.1
of xspec, and calculated the spectral uncertainties and upper
limits at the 90 % confidence level for one interesting parame-
ter. Since SXP59.0 is in the SMC, we assumed the value of 62
kpc (Graczyk et al. 2014) for the source distance. We simulta-
neously fitted the spectra of the three EPIC cameras since their
separate fits provided consistent results. Moreover, to account
for possible uncertainties in instrumental responses, the rela-
tive normalizations of the three cameras were allowed to vary.
For the spectral fitting we used the absorption model tbnew in
xspec. To this end, we considered the interstellar abundances
provided by Wilms et al. (2000) and the photoelectric absorp-
tion cross sections of Verner et al. (1996). We described the in-
terstellar absorption with two different components: a Galactic
component with solar abundances and column density fixed to
NGAL
H
= 6 × 1020 cm−2, the total Galactic absorption in the
SMC direction (Dickey & Lockman 1990), and an additional
component (NSMC+local
H
), which accounts for the insterstellar
absorption within the SMC and that local to the source, with
free column density and abundances for elements heavier than
helium set to 0.2, the canonical abundance value for the SMC
(Russell & Dopita 1992).
We found that no single-component model was able to de-
scribe the source spectrum successfully. For example, the fit
with an absorbed PL model resulted in a best-fitting solution
with χ2ν/d.o.f. = 2.16/1214. In the medium panel of Fig. 4 we
report the corresponding data-model residuals, which show the
presence of a significant soft excess (SE) below E ≃ 1 keV. We
described this feature with a black-body (BB) component and
either a broad Gaussian emission line at ≃ 0.95 keV or a model
representing the spectral emission due to a collisionally ionized
gas (apec in xspec). Moreover, in both cases we found two nar-
row emission lines at ≃ 1.38 and 6.33 keV, which we modelled
with two Gaussian emission lines of null width.
In Table 2 we list the best-fitting parameters obtained for
these spectral models. Two different possibilities were consid-
ered for the metal abundance of the APEC component. On
the one hand, it was fixed at the estimated metallicity for the
SMC (Z = 0.2Z⊙, Russell & Dopita 1992), thus obtaining a fit
quality equivalent to the value obtained with the BB+Gaussian
model (χ2ν = 1.05). On the other hand, we left the metal abun-
dance free to vary and obtained an almost equivalent fit qual-
ity (χ2ν = 1.06); in this case the best-fitting value of the abun-
dance is 0.23+0.31
−0.15
, which is consistent with the expected value
for the SMC. In all cases the best-fitting absorption value is
NSMC
H
= 1.2×1021 cm−2, which points out a significant absorp-
tion within the SMC or locally at the source.
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Fig. 4. Time-averaged spectrum of SXP59.0. Black, red, and
green symbols respectively represent pn, MOS1, and MOS2
data. Upper panel: Superposition of the EPIC spectra with
(for the pn spectrum only) the best-fitting model composed of
pl+bb+apec (red, green, and blue dashed lines, respectively)
and the Gaussian components (magenta dashed lines). Middle
panel: Data-model residuals obtained when fitting the spectra
with a simple plmodel. Lower panel: Data-model residuals ob-
tained with the best-fitting model.
The BB properties in the three models are similar. The ra-
dius of this component is ≃ 110 km and it contributes ≃ 3.5
% to the total flux. On the other hand, the contribution of the
APEC model is ≃ 1.5 %. The broad Gaussian emission line at
≃ 0.95 keV of the first model can be attributed to either a mix-
ture of several Lα emission lines from Fe in various ionizations
states (from Fe xviii to Fe xx) or a radiative recombination con-
tinuum (RRC) from O viii - Ne ix. The narrow Gaussian com-
ponents at ≃ 1.35 and 6.32 keV can be identifiedwith Mg xi and
neutral Fe Kα emission lines, respectively. However, regarding
the Fe line we note that its energy is slightly lower than the typ-
ical value of 6.4 keV, and moreover that it is characterized by a
small instrinsic width.
5. RGS Spectroscopy
We extracted both the first-order and the second-order spec-
tra from the data of both RGS instruments. Then, we used the
sas task rgscombine to combine the two spectra of the same
order. However, we verified that the count statistics of the com-
bined second-order spectrum was very limited compared to
those of the first-order, thus providing no additional informa-
tion. Therefore, we considered only the first-order spectrum.
We rebinned it with a minimum of 30 counts per bin and anal-
ysed it with xspec in the energy range 0.4–2.1 keV.
We started the spectral analysis by fitting the spectrumwith
a simple absorbed PL model. For the interstellar absorption we
adopted the same approach used for the EPIC spectra, consid-
ering both a fixed Galactic component NGAL
H
= 6 × 1020 cm−2
with solar abundances and a free component NSMC+local
H
with
SMC abundances. In this way we obtained a best-fitting solu-
tion which left emission residuals at energies E ≃ 0.49, 0.55,
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Table 2. Results of the fit of the time-averaged EPIC spectra. The double-component continuum consists of a power-law and a
black-body model, while the broad feature at 0.9–1 keV is described with either a broad Gaussian line or an APEC model. Both
a fixed and a free value of the metal abundance are considered in the second case. In addition, two narrow Gaussian lines are
needed to account for the positive residuals in the spectrum.
Model pl + bb + 3 Gaussian pl + bb + apec + 2 Gaussian pl + bb + apec + 2 Gaussian
parameter (fixed abundance) (free abundance)
NSMC+local
H
(1021 cm−2) 1.16±0.13 1.23+0.09
−0.14
1.22+0.21
−0.17
Γ 0.78+0.01
−0.02
0.76±0.01 0.76±0.02
FluxPL (0.2-12 keV, ×10
−11 erg cm−2 s−1) 7.79+0.06
−0.03
7.78±0.06 7.78±0.06
kTBB (eV) 177
+11
−13 171
+11
−14 171
+14
−18
RBB (km) 107
+18
−15
110+25
−15
111+26
−15
FluxBB (0.2-12 keV, ×10
−12 erg cm−2 s−1) 3.0±0.3 2.8±0.3 2.8+0.4
−0.5
kTAPEC (keV) - 1.09
+0.16
−0.09
1.09+0.17
−0.09
Abundance (apec) - 0.2 (fixed) 0.23+0.31
−0.15
NAPEC (×10
−3 cm−5) - 1.0+0.6
−0.4
0.9+2.0
−0.8
FluxAPEC (0.2-12 keV, ×10
−13 erg cm−2 s−1) - 9+8
−2
8+22
−6
Emission lines
Eline1 (keV) 0.97±0.03 - -
σline1 (keV) 0.09
+0.05
−0.04
- -
Fluxline1 (×10
−5 ph cm−2 s−1) 8+5
−6
- -
EWline1 (eV) 20
+11
−9
- -
Eline2 (keV) 1.38
+0.03
−0.02
1.38+0.03
−0.02
1.38+0.03
−0.02
σline2 (keV) < 0.04 0 (fixed) 0 (fixed)
Fluxline2 (×10
−5 ph cm−2 s−1) 1.6+0.7
−1.0
1.2+0.8
−0.7
1.3+0.7
−0.8
EWline2 (eV) 6
+4
−3
5+4
−3
5±3
Eline3 (keV) 6.32
+0.09
−0.27
6.33+0.09
−0.15
6.33+0.09
−0.27
σline3 (keV) 0 (fixed) 0 (fixed) 0 (fixed)
Fluxline3 (×10
−5 ph cm−2 s−1) 1.3±0.7 1.2±0.7 1.2+0.8
−0.7
EWline3 (eV) 18±11 18±11 18±9
FluxBB/FluxTOT (0.01-12 keV) 3.8 % 3.5 % 3.6 %
FluxAPEC/FluxTOT (0.01-12 keV) - 1.4 % 1.3 %
Unabsorbed flux (0.2-12 keV, ×10−11 erg cm−2 s−1) 8.12+0.06
−0.07
8.16+0.08
−0.07
8.15+0.11
−0.08
Luminosity (0.2-12 keV, ×1037 erg s−1) 3.53+0.02
−0.03
3.54+0.04
−0.03
3.54+0.05
−0.03
χ2ν/d.o.f. 1.05/1204 1.05/1206 1.06/1205
0.65, 0.80, and 1.02 keV (Fig. 5, middle panel). They were
described with Gaussian components, whose parameters are
listed in Table 3. The intrinsic width of the lines at 0.65, 0.80,
and 1.02 keV is well determined, while it is unconstrained for
the two lines at 0.49 and 0.55 keV. Therefore, in the spectral
fit of these two lines we fixed the width value at 0. In this way
we obtained a good description of the RGS spectrum (Fig. 5,
lower panel). The normalization of the lines at 0.49, 0.80, and
1.02 keV is significant at the 99 % confidence level, and then
we can confirm their detection. On the other hand, for the other
two lines at 0.55 and 0.65 keV the normalization is significant
at the 90 % confidence level only, and hence their detection is
only tentative. In Table 3 we propose a possible identification
of each line. The features at 0.65 and 1.02 keV can be attributed
to the Lyα lines of the H-like O viii and Ne x, respectively. The
lines at 0.49 and 0.55 keV are marginally consistent with N vii
and O vii lines, respectively. On the other hand, the identifica-
tion of the feature at 0.80 keV is more uncertain, although it
can be due to various Fe ionization stages.
As a final test, we also tried to describe the RGS spectrum
with the best-fitting PL+BB+APEC model used for the EPIC
spectra (section 4). The results we found in this way are fully
consistent with the previous values, since the continuum com-
ponent of the RGS spectrum can also be described with the
model used for the EPIC continuum. Moreover, in this case
the residuals of the RGS spectrum are comparable to those ob-
tained with a simple PL model (middle panel of Fig. 5), thus
proving that it is necessary to describe the observed emission
lines with specific Gaussian components.
6. Phase-resolved spectral analysis
The pulse profile of SXP59.0 shows a clear energy depen-
dence (Fig. 2), which suggests a spectral evolutionwith the spin
phase. Therefore, we performed a phase-resolved spectral anal-
ysis by selecting two different spectra for each EPIC camera:
spectrum A in the phase range ∆Φ = 0.21–0.71 and spectrum
B in the phase ranges ∆Φ = 0–0.21, 0.71–1. In this way, we
considered separately the parts of the folded light curve char-
acterized by HR above or below 1, respectively.
We wanted to compare these two spectra with the best-
fitting model used for the time-averaged spectrum in order to
verify whether it can also provide an appropriate description for
these two spectra. Moreover, in this case we wanted to assess
if the best-fitting parameters have consistent or completely dif-
ferent values. To this end, the two spectra were independently
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Table 3. Best-fit parameters of the emission lines identified in the RGS spectrum of SXP59.0.
Observed Ion Laboratory σ Flux EW
Energy Energy
(eV) (eV) (eV) (10−5 ph cm−2 s−1) (eV)
490+5
−1
N vii (?) 500.3 0 (fixed) 9.3+6.8
−5.4
9.7+5.9
−8.4
550+12
−31
O vii (?) 561.0 0 (fixed) 9.0+7.9
−6.7
12.8+4.9
−11.5
653+4
−5
O viii 653.5 3.0+9.4
−3.0
3.7±2.8 5.3+3.8
−3.3
799+4
−3
Fe xvii-xviii (?) 793.0 2.9+8.4
−2.5
3.5+1.9
−2.1
6.5+3.7
−4.5
1017+8
−9
Ne x 1022.0 11.0+9.6
−4.4
8.0+3.3
−4.0
20.3+8.9
−8.5
0
0.1
0.2
0.3
0.4
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Fig. 5. Combined spectrum for the first-order data of RGS1
and RGS2. Upper panel: Superposition of the spectrum with
the best-fitting model composed by an absorbed power-law
(green line) and additional Gaussian components (blues lines,
Table 3). Middle panel: Data-model residuals obtained when
fitting the spectrum with a simple power-law model. Lower
panel: Data-model residuals obtained with the best-fitting
model (power-law plus Gaussian components).
fit using the PL+BB+APEC model (with the metal abundance
fixed at 0.2) for the spectral continuum. In Table 4 we list the
results obtained in this way.
We found that the SMC+local absorption is comparable in
the two spectra and consistent with the best-fit value of the
time-averaged spectrum. Therefore, the data show no evidence
of absorption variability. The total source flux decreases by a
factor of ≃ 2 between spectrum A and B. This reduction is es-
sentially due to the PL component, which in both cases con-
tributes more than 90 % to the total flux. Its photon index is
comparable to the value of the time-averaged spectrum in the
case of spectrum A, and only slightly lower for spectrum B.
Both the BB and the APEC components are significant at the
99 % confidence level in both spectra, but their behaviour is
very different: on the one hand, the APEC flux is almost con-
stant, so that its relative contribution to the total flux slightly
increases in spectrum B; on the other hand, the BB flux dou-
bles, so that its relative contribution to the total flux increases
by a factor of ≃ 4.We note that the BB temperature between the
two phases is very similar and fully consistent with the time-
Table 4. Best-fit parameters of the EPIC spectra A and B, as-
suming the PL+BB+APEC description of the spectral contin-
uum and the metal abundance of the APEC component fixed at
the estimated metallicity for the SMC (Z = 0.2Z⊙).
Parameter Spectrum A Spectrum B
NSMC+local
H
(1021 cm−2) 1.3±0.2 1.2+0.2
−0.3
Γ 0.78+0.01
−0.02
0.72±0.03
Flux
(a)
PL
10.7±0.1 4.86±0.07
kTBB (eV) 180
+20
−40
165±14
RBB (km) 90
+50
−30
130+30
−20
Flux
(b)
BB
1.8±0.5 3.4+0.4
−0.3
kTAPEC (keV) 1.0±0.1 1.2
+0.3
−0.2
NAPEC (×10
−3 cm−5) 1.4+0.7
−0.6
1.0+0.7
−0.6
Flux
(b)
APEC
1.2+0.6
−0.7
0.9+0.7
−0.5
Emission lines
Eline1 (keV) 1.40±0.03 1.37±0.04
σline1 (keV) 0 (fixed) 0 (fixed)
Flux
(c)
line1
2.0+1.2
−1.3
0.8+0.9
−0.8
EWline1 (eV) 6
+4
−3
5±5
Eline2 (keV) 6.3
+0.1
−0.5
6.3 (fixed)
σline2 (keV) 0 (fixed) 0 (fixed)
Flux
(c)
line2
1.3+0.6
−1.2
1.3+0.8
−0.9
EWline2 (eV) 16
+12
−14
29±15
FluxBB/FluxTOT (0.01–12 keV) 1.7 % 6.8 %
FluxAPEC/FluxTOT (0.01–12 keV) 1.5 % 2.2 %
Unabsorbed flux(d) 1.10±0.01 0.53±0.01
Luminosity(e) 4.78±0.05 2.30±0.04
χ2ν/d.o.f. 1.03/883 1.14/469
(a) 0.2–12 keV, ×10−11 erg cm−2 s−1
(b) 0.2–12 keV, ×10−12 erg cm−2 s−1
(c)
×10−5 ph cm−2 s−1
(d) 0.2–12 keV, ×10−10 erg cm−2 s−1
(e) 0.2–12 keV, ×1037 erg s−1
averaged value. Therefore, the flux variation of this component
is mainly due to the different size of its emission region. Instead
the APEC temperature is slightly higher in spectrum B. The
two emission lines detected in the time-averaged spectrum are
much less evident in these two phase-resolved spectra. In spec-
trum A both lines are significant only at the 90 % confidence
level, while in spectrum B the line at 1.38 keV remains unde-
tected. Moreover, the energy of the Fe line is unconstrained in
spectrum B. Therefore, in this case we had to fix it at the best-
fit value of the time-averaged spectrum. In this way, we found
that the Fe line is significant at the 90 % confidence level. This
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result is very probably due to the lower count statistics of these
two spectra compared to the time-averaged spectrum.
We also performed a simultaneous fit of the two spec-
tra in order to further constrain the variability of the contin-
uum components. In this case we assumed a common value
for NH and fixed the energy and width of the emission lines
since the count statistics are not high enough to constrain them.
For the fit we first considered two different solutions for the
PL+BB+Gaussian model of the continuum: (1) a common
value of the PL photon index and BB temperature, leaving both
normalizations free to vary, and (2) a common BB component.
We found that in the first case the null hypothesis probability
(NHP) of the best-fit model is ≃ 0.03, while in the second it re-
duces to ≃ 9 × 10−5, even if the photon index Γ of the PL com-
ponent is left free to vary between the two spectra. This means
that a spectral fit with a constant BB component is statistically
unacceptable and can be rejected. We repeated the same type
of test also with the PL+BB+APEC model of the continuum,
with three different solutions: (1) a common value of the PL
photon index and of the BB and APEC temperatures and inde-
pendent normalizations, (2) a common BB component, and (3)
a common APEC component. For the best-fit model of solution
(1) we found that NHP ≃ 0.03. For solution (2) the spectral fit
is significantly worse, since NHP < 2 × 10−4 even if both Γ
and the APEC temperature are left independent. In case (3), in-
stead, the spectral fit is only slightly worse (NHP = 6 ×10−3);
moreover, it becomes comparable to solution (1) if the two BB
temperatures are independent. These results show that while
there is no evidence of variability of the APEC component, a
constant BB component is clearly rejected by the data.
In summary, the spectral variability observed between the
two phase ranges can be attributed to the variation in the rel-
ative contribution of the continuum components since the BB
flux increases and the PL flux decreases between phase ranges
A and B, while the APEC remains almost constant. This be-
haviour explains the energy-dependent pulse shape shown in
Fig. 2.
7. Swift/XRT and OGLE observations
7.1. Swift/XRT
The X-ray telescope (XRT) on board the Swift satellite per-
formed a dozen snapshot observations of SXP59.0 between
2017 April 7 and May 1, with exposure times between a few
hundred seconds and ∼ 3.3 ks each. In all cases the XRT
instrument was operated in Windowed Timing (WT) mode.
The data of all the observations were reduced following the
standard procedures2, extracting source and background events
from circular regions of radius 20 pixels. The event arrival
times were reported to the solar system barycentre by using
the tool barycorr. Because of the unknown orbital solution of
SXP59.0, we did not correct the data for the orbital motion.
The Swift/XRT lightcurve is shown in Fig. 6. The red
symbol represents the Swift/XRT count rate estimated from
the source flux measured with XMM–Newton (CRXRT =
2 http://www.swift.ac.uk/analysis/xrt/index.php
 0.4
 0.6
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Fig. 6. Flux evolution of SXP59.0 during the 2017 outburst,
as observed with Swift/XRT. The red symbol corresponds to
the epoch and flux (with its uncertainty) of the XMM–Newton
observation.
fXMM/(8.1×10
−11 erg cm−2 s−1) cts s−1). The Swift/XRT fol-
lowed the outburst decay which lasted at least 25 days. Based
on the ephemerides provided by Galache et al. (2008), we esti-
mated the epoch of the centroid of the two maxima of the 122 d
X-ray modulationwhich preceded and followed the time period
covered by the Swift observations: they are MJD 57801 ± 21
and 57923 ± 21, respectively. Therefore, the Swift and XMM–
Newton observations were performed far from the expected
epoch of flux peak. In each Swift/XRT observation, we detected
the source pulsation at ≃ 58.9 s. Thanks to the tight temporal
distance between the XMM–Newton and Swift/XRT observa-
tions, we were able to perform a phase-connection of the pul-
sations. Starting from the EPIC pn data, we phase-connected
with a linear function the Swift/XRT observation taken ∼1 day
after. However, the linear function was not able to fully account
for the phase variation and therefore we added a parabolic cor-
rection (ν˙), which significantly improved the fit. We then phase-
connected all the other remaining observations until the orbital
effects (not taken into account) started to be important and did
not allow us to continue the analysis (Fig. 7). In particular, we
were able to connect ≃ 14 days and found this solution: Pspin =
58.95392161(2) s, P˙spin = -1.160(3)×10
−7 s s−1, and χ2ν = 3.9
for 48 dof. The reference epoch is MJD 57957.6212479.
7.2. OGLE
In order to put the XMM–Newton observation of SXP59.0 in
the context of the evolution of its optical counterpart, we used
the OGLE monitoring system of the X-ray variables (XROM3,
Udalski 2008) to look for the OGLE IV (Udalski et al. 2015)
optical light curve. In Fig. 8 we show the long-term OGLE IV
light curve, which includes data from May 2010 to December
2017. It shows that starting from MJD 55720 (June 2011) the
source brightness has continuously increased until the latest ob-
servations. The dashed vertical line at MJD 57857 marks the
epoch of the XMM–Newton observation. It was performed near
3 http://ogle.astrouw.edu.pl/ogle4/xrom/xrom.html
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Fig. 7. Results of the phase-connection analysis of the pulsa-
tions of SXP59.0.
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Fig. 8. Long-term light curve of the optical counterpart of
SXP59.0 based on I-magnitudeOGLE IV data. The dashed ver-
tical line at MJD 57857 corresponds at the epoch of the XMM–
Newton observation.
the end of the OGLE IV monitoring campaign, but within a
period which was not covered by any OGLE observation.
8. Discussion
Since its discovery with Einstein in 1980, SXP59.0 has been
observed several times at very different luminosity levels. In
the upper panel of Fig. 9 we report the long-term evolution
of its 0.2–10 keV luminosity, as estimated based on the ob-
served flux level and assuming a source distance of 62 kpc. It
shows that the source luminosity varies by more than three or-
ders of magnitude between ∼ 1034 and ∼ 1037 erg s−1. For the
first two decades the source was detected only during rather
bright states, with LX
>
∼ 10
36 erg s−1. In particular, at the be-
ginning of 1998 (MJD 50835) the source luminosity increased
of over 1.5 orders of magnitude in ∼ two months, up to LX
≃ 3×1037 erg s−1. Afterwards, the high-throughputX-ray tele-
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Fig. 9. Long-term evolution of the 0.2–12 keV luminos-
ity (upper panel) and of the spin period (lower panel) of
SXP59.0. Date and instrument: (1) Einstein/PSPC: 15-04-
1980 (Bruhweiler et al. 1987); (2) ROSAT/PSPC: 08-10-1991
(Israel et al. 1998); (3) ROSAT/PSPC: 22-04-1992 (Israel et al.
1998); (4) ROSAT/HRI: 26-04-1996 (Israel et al. 1998);
(5) ASCA: 14-11-1997 (Yokogawa et al. 2000); (6) RXTE:
22-01-1998 (Marshall et al. 1998); (7) BeppoSAX: 28-01-
1998 (Santangelo et al. 1998); (8) XMM–Newton: 30-03-2002
(Sasaki et al. 2003); (9) Chandra: 26-04-2006 (Laycock et al.
2010); (10) XMM–Newton: 23-06-2007 (Haberl et al. 2008);
(11) XMM–Newton: 14-04-2017 (this work)
scopes XMM–Newton and Chandra detected it as well at sig-
nificantly lower flux levels, LX
<
∼ 10
35 erg s−1. The XMM–
Newton observation performed in April 2017 caught SXP59.0
at one of the highest flux levels ever detected, possibly com-
parable only to that observed with RXTE in 1998 (assuming
that the latter does not include any contribution of other nearby
sources). This ToO observation allowed us to perform a de-
tailed timing and spectral analyses of this source down to ≃ 0.2
keV.
The lower panel of Fig. 9, where we give all the published
period values obtained in previous observations, shows that
the period varies in the range 58.8–59.1 s. Moreover, accord-
ing to Klus et al. (2014), all the pulse periods measured with
RXTE between 1998 and 2011 are in the range ≃ 58.3–59.3 s.
This period variability cannot be due to the orbit of the neu-
tron star (NS) around the companion star. If we assume a mass
M ∼ 10 M⊙ for the Be star, the orbital period Porb ≃ 122 d
implies an average orbital velocity vorb ≃ 90 km/s. The cor-
responding period variation is ∆P = P × vorb/c ≃ 0.02 s, a
value much smaller than the observed variation in period val-
ues. Therefore, is it very likely that the period variability is due
to the pulsar spin-up and spin-down during the outburst and
quiescence phases, respectively. The pulse period measured
with XMM–Newton in 2017 is well within the range of values
previously reported. This implies that, although the source can
have experienced various outburst and quiescence phases since
2011, its average spin period has not changed significantly.
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The phase-connection of the pulsations reported in Section 7.1
shows that the pulsar undergoes a very high spin-up during the
outburst phases. Therefore, it is very likely that these spin-ups
are balanced by a significant slow-down during the quiescent
phases, when the pulsar is most probably in the propeller state.
In the last years three additional transient Be binary pul-
sars in the SMC have been observed at high spectral res-
olution during an outburst: RX J0059.2-7138 (Sidoli et al.
2015), SMC X-2 (La Palombara et al. 2016), and IGR J01572-
7259 (La Palombara et al. 2018). Compared to SXP59.0, these
sources are characterized by a shorter pulse period and, in the
first two cases, by a higher outburst luminosity. However, a di-
rect comparison of these binary pulsars with SXP59.0 is use-
ful, since they have similar spectral and timing properties. To
this end, in Table 5 we report the main properties of these four
sources.
The source pulsations of SXP59.0 were detected, for the
first time, even at E < 1 keV. The pulse profile observed with
XMM–Newton is clearly energy dependent: while it shows a
single broad maximum at low energies, two distinct narrow
peaks arise at high energies. The pulsed fraction is > 40 % at
E < 2 keV and increases further with the energy. Moreover, the
spectral hardness increases with the source flux. Similar results
were obtained during the previous observations of the source
outbursts in 1991 with ROSAT (Israel et al. 1998) and in 1998
with BeppoSAX (Santangelo et al. 1998). In both cases the
pulse profile was asymmetric and the pulsed fraction was above
40 %. Moreover, BeppoSAX data showed two distinct peaks
above 1.5 keV. On the other hand, the source observations at
low luminosity level performed with XMM–Newton in 2002
(Sasaki et al. 2003) and with Chandra in 2006 (Laycock et al.
2010) revealed a single-peak sinusoidal profile, with an almost
constant hardness ratio. Our results for SXP59.0 are also simi-
lar to what we observed for RX J0059.2-7138, SMC X-2, and
IGR J01572-7259. All of them showed a double-peaked pro-
file, with a high pulsed fraction in the case of SMC X-2 and
IGR J01572-7259. Since the source was observed at a rather
high luminosity level, it is very probable that the double-peaked
profile is due to a fan-beam emission geometry.
The average EPIC spectrum of SXP59.0 is dominated by
a rather hard absorbed PL component, with photon index Γ ≃
0.8 and total absorption due not only to the Galactic absorp-
tion in the SMC direction but also to a local component in
the SMC itself. Both results are in agreement with the results
provided by the previous observations performed with ROSAT
(Israel et al. 1998), BeppoSAX (Santangelo et al. 1998), XMM–
Newton (Sasaki et al. 2003), and Chandra (Laycock et al.
2010). In all cases the best-fit photon index was in the range
Γ ∼ 0.8–1 and the total absorption was NH ∼ (1–3)×10
21 cm−2,
thus significantly higher than the Galactic value in the SMC di-
rection (NGAL
H
= 6 × 1020 cm−2, Dickey & Lockman 1990).
However, the spectral fit with this single-component model
leaves large residuals at energies below ∼ 1 keV, which reveal
the presence of a previously unknown soft excess above the
main PL component. We fitted this soft excess with the sum of
a soft (kT ∼ 0.2 keV) BB and either a broad Gaussian compo-
nent at 0.95 keV or a hot (kT ∼ 1 keV) thermal plasma model
(APEC). In both cases the sum of the two soft components
contributes ≃ 5 % to the total source luminosity. It is inter-
esting to note that the properties of both thermal components
are very similar to those of the corresponding components ob-
served in RX J0059.2-7138, SMC X-2, and IGR J01572-7259
(Table 5). In particular, this is true in the case of IGR J01572-
7259, which was observed at a luminosity level almost equal
to that of SXP59.0. However, we emphasize that, in the case of
SXP59.0, both components are necessary to obtain an accept-
able spectral fit, while either the BB or the APEC was required
for the other sources. This is an important difference since it
implies that the observed soft excess of SXP59.0 is due to the
coexistence of two different emission processes.
The XMM–Newton observation of SXP59.0 during its 2017
outburst allowed us to detect previously unknown narrow emis-
sion features in the source spectrum. The high-resolution RGS
spectrum showed the presence of emission lines due to N, O,
and Ne, and of some other emission features, which could be
attributed to L-shell lines from Fe at various ionization lev-
els. The EPIC spectrum revealed two emission lines at 1.38
and 6.32 keV, which we attributed to Kα emission from Mg
and neutral Fe, respectively (although they are characterized
by a negligible intrinsic width and, in the case of the Fe line,
the best-fit energy is slightly lower than the typical value of
6.4 keV). Similar emission features were already observed in
the spectra of RX J0059.2-7138, SMC X-2, and IGR J01572-
7259 during their outbursts (Table 5). This is particularly true
in the case of IGR J01572-7259, since it is the only other
source which showed a Kα line from neutral Fe (while the other
two sources showed an emission line consistent with ionized
Fe). From this point of view, it is interesting to note that both
sources were observed at the same luminosity level.
The phase-resolved spectral analysis of the EPIC data al-
lowed us to study the dependence of the pulse profile as a
function of the energy and to investigate the spectral variability
along the pulse. To this end, we analyzed separately the spectra
corresponding to, respectively, the high hard state and the low
soft state, which are chacterized by a flux difference of ≃ 50 %.
We found that, in both cases, all three continuum components
of the time-averaged spectrum (PL, BB, and APEC) were re-
quired to obtain an acceptable fit, and that the PL always con-
tributed more than 90 % to the total flux. Moreover, the PL
photon index and the temperatures of the two thermal compo-
nents were always consistent with those of the averaged spec-
trum. However, the behaviour of the single components was
significantly different. While the APEC flux remained almost
constant and the PL halved its flux, the BB doubled it. These
findings were confermed by the simultaneous analysis of the
two spectra which showed that a constant BB component is in-
consistent with the data.
The XMM–Newton observation of SXP59.0 was performed
during an outburst, when the source luminosity increased to LX
≃ 3.5 × 1037 erg s−1. This luminosity level implies a high ac-
cretion rate onto the NS, which very likely occurs through an
accretion disc. This scenario is supported by the high spin-up
rate measured during the outburst. In this case, according to
Hickox et al. (2004), the observed SE can be due to the combi-
nation of two different types of processes: emission from pho-
toionized or collisionally heated diffuse gas and reprocessing of
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Table 5. Comparison of the main timing and spectral parameters of the transient BeXRBs RX J0059.2-7138 (Sidoli et al. 2015),
SMC X-2 (La Palombara et al. 2016), IGR J01572-7259 (La Palombara et al. 2018), and SXP59.0 (this work).
Parameter RX J0059.2-7138(a) SMC X-2(a) IGR J01572-7259(a) SXP59.0
LX (0.2-12 keV, ×10
37 erg s−1) 7 14 3.6 3.5
Porbit (days) 82 18.4 35.6 122.1
Pspin (s) 2.76 2.37 11.58 58.95
PF (%) 8.9 35 43 53
NH (10
20 cm−2) 2.3+0.6
−0.5
18±3 1.0+0.1
−0.2
12±1
kTBB (eV) 93±5 - 135
+14
−11
- 218+13
−14
- 171+11
−14
RBB (km) 350
+80
−50
- 320+125
−95
- 50+6
−5
- 110+25
−15
fBB/fPL (%) 1.7 - 3.1 - 1.6 - 3.5
kTAPEC (keV) - 0.21±0.03 - 1.22
+0.07
−0.10
- 1.13+0.10
−0.08
1.09+0.16
−0.09
NAPEC (×10
−3 cm−5) - 25+8
−6
- 5±1 - 4±1 1.0+0.6
−0.4
fAPEC/fPL (%) - 7 - 1.8 - 4.5 1.4
N vii yes yes yes yes
O vii no yes no yes
O viii yes yes yes yes
Ne ix yes yes yes no
Ne x no yes no yes
Mg xi no no yes yes
Si xiii no yes no no
Si xiv no yes no no
EFeKα (keV) 6.6 6.6 6.4 6.3
dBB (km) 3000 1800 400 570
Rm (km) 900 740 1100 1100
(a) For this source the APEC component is considered an alternative to the BB component.
hard X-rays from the NS by optically thick accreting material,
most probably at the inner edge of the accretion disc. We have
found that the SE of SXP59.0 is due to the sum of a BB and
a APEC component, where only the BB is clearly pulsating.
If this component is due to reprocessing of the primary radi-
ation, and Ω is the solid angle subtended by the reprocessing
region, the relation between the reprocessed and the primary
luminosity is given by LBB = (Ω/4π) LX. On the other hand,
LBB = Ωd
2
BB
σT 4
BB
, where dBB is the distance of the reprocess-
ing site from the source of the primary emission. This implies
that d2
BB
= LX/(4πσT
4
BB
). Since for SXP59.0 LX ≃ 3.5 × 10
37
erg s−1 and TBB ≃ 0.17 keV, the estimated distance of the BB
component from the central NS is dBB ≃ 570 km. This value
is the estimated radius of the inner edge of the accretion disc,
which should be comparable to the magnetospheric radius of
the accreting NS: Rm ∼ 1.5×10
8m1/7R
10/7
6
L
−2/7
37
B
4/7
12
cm, where
m = MNS/ M⊙, R6 = RNS/(10
6 cm), B12 = BNS/(10
12 G), and
L37 = LX/(10
37 erg s−1) (Davies & Pringle 1981). If we assume
m = 1.4, R6 = 1, and B12 = 1, since for SXP59.0 L37 = 3.5, we
obtain Rm ≃ 1100 km. This value is comparable to dBB within a
factor ≃ 2, thus supporting the hypothesis that the observed BB
component arises from the reprocessing of the primary radia-
tion at the inner edge of the accretion disc. Moreover, this value
is equal to that obtained for IGR J01572-7259 and comparable
to those obtained for RX J0059.2-7138and SMCX-2 (Table 5).
For the estimate of the magnetospheric radius we have assumed
the same values of the NS parameters (mass, radius, and mag-
netic field) for all the sources. Therefore, the different values
of Rm are only related to the different luminosity levels: it de-
creases as the luminosity increases. For all the binary pulsars
listed in Table 5, dBB is comparable with Rm within a factor of
2–3. This difference can have various physical or geometrical
causes, since the NS magnetic field can be different by 1012 G;
moreover, our estimate of Rm can be affected by a tilted and/or
warped accretion disc.
Regarding the non-pulsating APEC component, from its
normalization of ≃ 10−3 cm−5 we can derive a value of ≃
5.5 × 1059 cm−3 for the emission measure n2V . Assuming a
gas density n < 1012 cm−3, as we did in the case of the other
sources listed in Table 5, and a spherical emitting region for
the optically thin plasma, we obtain a radius of R >∼ 5 × 10
11
cm. Therefore, the size of this component is much larger than
the inner radius of the accretion disc. We note that, assuming
vw ≃ 100 km s
−1 for the wind velocity of the Be star and v2r =
v2w + v
2
orb
for the relative velocity between the wind and the NS,
from the relation Racc = 2GM/v
2
r we obtain Racc ≃ 2 × 10
12 cm
for the accretion radius around the NS. This value is consistent
with the estimated size of the APEC component. Therefore, it
is possible that this component is related to the shock region
around the NS caused by the accreted wind from the compan-
ion star.
The timing and spectral properties of the BB component
support its identification with the reprocessed primary radiation
from the inner edge of the accretion disc. As proposed in the
case of IGR J01572-7259 (La Palombara et al. 2018), at each
phase along the pulse period, the inner edge of the disc is swept
by the beamed primary emission. Only a limited section of the
disc surface is illuminated by the beam.Moreover, it is possible
that the disc geometry allows us to see only a limited fraction
of the disc edge. For these reasons, the reprocessed compo-
nent can be detected only when this visible portion of the disc
is hit by the primary beam. It is possible that the Fe line ob-
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served in the time-averaged spectrum also has the same origin,
as we have demonstrated in the case of IGR J01572-7259, but
for SXP59.0 we cannot prove it because we lack any evidence
of its variability. On the other hand, the other lines observed
in the EPIC and RGS spectra are probably due to photoionized
matter in regions above the disc since they cannot be described
with the BB+APEC model.
9. Conclusions
The XMM–Newton observation of SXP59.0 reported in this pa-
per completes our programme of ToO observations of X-ray bi-
nary pulsars in the SMC. Thanks to the low interstellar absorp-
tion towards the SMC direction and the high flux level reached
by these sources during their outbursts, these observations al-
lowed us to perform detailed spectral and timing analysis and
to study the physical processes that occur in these sources.
In all cases we detected the observed source at LX
>
∼ 4×10
37
erg s−1 and obtained high-resolution spectra with high count
statistics. We obtained consistent results for these pulsars:
– the pulsed emission can be observed over the whole en-
ergy range between 0.2 and 12 keV, but the pulse profile
is energy dependent and the pulsed fraction increases with
energy;
– the continuum spectrum is dominated by a hard (Γ < 1)
PL component, but shows a soft excess at E <∼ 1 keV,
which contributes a small percentage of the total flux and is
mainly due to a variable BB component;
– the EPIC spectrum is characterized by an emission feature
which can be identified with a neutral or ionized Fe Kα
transition line, while the RGS spectrum shows low-energy
features due to ionized N, O, and Ne;
– the BB component which dominates the SE and the Fe Kα
emission line can be attributed to the reprocessing of the
primary radiation by the optically thick material at the in-
ner edge of the accretion disc, while the other emission fea-
tures are most probably due to photoionized plasma above
the accretion disc; only in the case of SXP59.0 did we find
evidence for a collisionally heated thermal plasma, proba-
bly due to the shocked wind accreted from the companion
Be star.
Acknowledgements. We acknowledge the use of public data from the
Swift data archive. We acknowledge the financial contribution from
the agreement ASI-INAF I/037/12/0. PE acknowledges funding in the
framework of NWO Vidi award A.2320.0076 and in the framework of
the project ULTraS, ASI-INAF contract N. 2017-14-H.0.
References
Antoniou, V., Hatzidimitriou, D., Zezas, A., & Reig, P. 2009,
ApJ, 707, 1080
Bruhweiler, F. C., Klinglesmith, III, D. A., Gull, T. R., & Sofia,
S. 1987, ApJ, 317, 152
Coe, M. J., McBride, V. A., & Corbet, R. H. D. 2010, MNRAS,
401, 252
Davies, R. E. & Pringle, J. E. 1981, MNRAS, 196, 209
den Herder, J. W., Brinkman, A. C., Kahn, S. M., et al. 2001,
A&A, 365, L7
Dickey, J. M. & Lockman, F. J. 1990, ARA&A, 28, 215
Galache, J. L., Corbet, R. H. D., Coe, M. J., et al. 2008, ApJS,
177, 189
Graczyk, D., Pietrzyn´ski, G., Thompson, I. B., et al. 2014, ApJ,
780, 59
Haberl, F., Eger, P., & Pietsch, W. 2008, A&A, 489, 327
Haberl, F. & Sturm, R. 2016, A&A, 586, A81
Hickox, R. C., Narayan, R., & Kallman, T. R. 2004, ApJ, 614,
881
Israel, G. L., Campana, S., Cusumano, G., et al. 1998, A&A,
334, L65
Kennea, J. A., Evans, P. A., & Coe, M. J. 2017, The
Astronomer’s Telegram, 10250
Klus, H., Ho, W. C. G., Coe, M. J., Corbet, R. H. D., &
Townsend, L. J. 2014, MNRAS, 437, 3863
La Palombara, N., Esposito, P., Mereghetti, S., et al. 2018,
MNRAS, 475, 1382
La Palombara, N., Sidoli, L., Pintore, F., et al. 2016, MNRAS,
458, L74
Laycock, S., Corbet, R. H. D., Coe, M. J., et al. 2005, ApJS,
161, 96
Laycock, S., Zezas, A., Hong, J., Drake, J. J., & Antoniou, V.
2010, ApJ, 716, 1217
Marshall, F. E., Lochner, J. C., Santangelo, A., et al. 1998, IAU
Circular, 6818
Meyssonnier, N. & Azzopardi, M. 1993, A&AS, 102, 451
Rajoelimanana, A. F., Charles, P. A., & Udalski, A. 2011,
MNRAS, 413, 1600
Russell, S. C. & Dopita, M. A. 1992, ApJ, 384, 508
Santangelo, A., Cusumano, G., dal Fiume, D., et al. 1998,
A&A, 338, L59
Sasaki, M., Pietsch, W., & Haberl, F. 2003, A&A, 403, 901
Schmidtke, P. C. & Cowley, A. P. 2005, AJ, 130, 2220
Sidoli, L., La Palombara, N., Esposito, P., Tiengo, A., &
Mereghetti, S. 2015, MNRAS, 449, 3710
Stevens, J. B., Coe, M. J., & Buckley, D. A. H. 1999, MNRAS,
309, 421
Stru¨der, L., Briel, U., Dennerl, K., et al. 2001, A&A, 365, L18
Sturm, R., Haberl, F., Pietsch, W., et al. 2013, A&A, 558, A3
Turner, M. J. L., Abbey, A., Arnaud, M., et al. 2001, A&A,
365, L27
Udalski, A. 2008, Acta Astronomica, 58, 187
Udalski, A., Szyman´ski, M. K., & Szyman´ski, G. 2015, Acta
Astronomica, 65, 1
Verner, D. A., Ferland, G. J., Korista, K. T., & Yakovlev, D. G.
1996, ApJ, 465, 487
Wang, Q. & Wu, X. 1992, ApJS, 78, 391
White, N. E., Giommi, P., & Angelini, L. 1994, in Bulletin
of the American Astronomical Society, Vol. 26, American
Astronomical Society Meeting Abstracts, 1372
Wilms, J., Allen, A., & McCray, R. 2000, ApJ, 542, 914
Yang, J., Laycock, S. G. T., Christodoulou, D. M., et al. 2017,
ApJ, 839, 119
Yokogawa, J., Imanishi, K., Tsujimoto, M., et al. 2000, ApJS,
128, 491
